Intravenous and footpad infections with Mycobacterium marinum and footpad infections with M. leprae were compared in the following mouse strains: A/He, BALB/C, CBA, C3H, C57BL, C57L, DBA, 101, and CFW. The results varied a great deal according to mouse strain used. Intravenous injection of high doses of M. marinum resulted in deaths after 28 days of 100% of strain A/He, and none of strain 101; 27 days after injection, the feet and noses of all strain CBA mice, but few of the C57BL, 101, or CFW mice, were involved. Injection of a small dose of M. marinum into the footpad produced visible disease in 5 days in all of the C57BL and 101 mice, but in not more than 60% of the A/He, DBA, and CFW mice; the average amount of swelling at 17 days varied from 4.40 mm in strain C57L to 0.92 in strain 101. After footpad injection of M. leprae, the average plateau harvests varied from 1.3 X 107 acid-fast bacteria in strain CBA to 6.5 x 105 in strain C57L. The infections in CBA mice extended from the site of inoculation throughout the foot. The temperature was measured rectally, in the footpad, and in the tail. Analysis of all the results revealed little correlation among the three types of infection. There was a strong negative correlation between the tail temperature and the death rate after intravenous injection of M. marinum, and a strong positive correlation between footpad temperature and plateau harvest of M. leprae.
In this laboratory, the CFW mouse strain has been used in most of the investigations of mice infected with Mycobacterium leprae. A comparison was made with two other strains (9, 10) , but it had limited value because one strain (C57BL) was simultaneously infected with Salmonella, and the other (Chatterjee) was not genetically defined, i.e., it had not been adequately inbred. Rees (8) usually uses the P mouse strain when studying M. leprae infection, but he also has limited experience with the Chatterjee strain. Pattyn recently reported (5) that there was little difference in the multiplication of M. leprae in strains NMRI, C57BL, C3H, TB, and AKR.
The results of infecting eight inbred strains, as well as CFW, with M. leprae and M. marinum (Balnei) are presented. These two mycobacteria apparently have a similar temperature optimum that is below 37 C (11, 12) , and they grow preferentially in peripheral, glabrous sites. The temperature was measured in the footpad, tail, and rectum of each mouse strain.
MATERIALS AND METHODS
Mice. The inbred strains A/He, BALB/c, CBA, C3H/An, C57BL, C57L, DBA/2, and 101 were purchased from Cumberland Farms, Clinton, Tenn. The CFW strain, originally inbred selectively by Webster for susceptibility to neurotropic viruses, was inbred another 20 generations at Carworth Farms and then maintained by random breeding. It was introduced to the Communicable Disease Center (CDC) in 1950 with about 3,000 mice, and has been maintained at CDC by random breeding. All mice were fed commercial pellets. M. marinum was injected into 4-week-old mice, and M. leprae, into mice 7 weeks old.
M. marinum. A suspension of the Balnei X strain, grown in Tween-albumin medium and preserved for 7 months at -60 C, was thawed quickly, dilutions were made in Tryptose Broth (Difco), and colony counts were performed on 7H9 medium. Intravenous injections into the tail vein of 0.1 ml containing 1.4 X 106 colony-forming units (CFU) were made in 10 mice of each strain. An additional 10 mice were injected in the right hind footpad with 0.03 ml containing 5.1 X 102 CFU. The mice were inspected at appropriate intervals. For those injected intravenously, the presence or absence of foot, tail, and nose involvement was noted; for those injected in the foot, the degree of foot involvement was noted, as well as the amount of swelling (difference in caliper measurements of thickness of injected and uninjected foot).
M. leprae. Strain N2401, in the 8th mouse passage, (13) . Thirty mice of each strain were inoculated. At 1-month intervals during the first 8 months, a mouse was taken from each group for histological sections. When AFB were found in some of the sections, four mice were killed from each group to determine counts of AFB in the inoculated footpads. Counts of AFB were repeated at 3-month intervals from like numbers of mice. Temperature measurements. For the duration of the experiments, mice were kept in a room at 20 C. The telethermometer and thermistor probes (Yellow Springs Instrument Co., Yellow Springs, Ohio) were used. Temperature was measured by use of a rectal probe, and by inserting a 22-gauge needle 1 to 2 mm deep into the left hind footpad and the tail. For the latter measurements, only undisturbed mice from huddles were employed (12); of a total of five mice in each cage, not more than one or two could be used each time, and repeated visits to the cages were necessary. The mice were about 8 months old and belonged to the M. leprae experiment, i.e., about 6 months postinoculation. RESULTS M. marinum. Footpad infections in strains BALB/C and CFW were compared in a preliminary report. Large differences were seen with all infectious dilutions of inoculum; for example, at a 10-6 dilution of inoculum, the average foot swelling at 22 days was 4.3 mm in BALB/C and 2.0 mm in CFW, and the harvest was 2 X 107 AFB from BALB/C and 2 X 106 AFB from CFW. A more complete study in which all the strains of mice were compared was then carried out.
As described earlier (1, 3) , intravenous inoculation led to preferential involvement of the feet, tails, and noses of mice. Deaths occurred owing to pneumonic disease. The frequency of the manifestations and the rates of their development varied considerably in different lines of mice. The rates of the disease manifestations are shown in Fig. 1 for the times at which the differences were very obvious.
At 28 days (Fig. 1 ) the death rate varied from 100% in strain A/He to 0% in strain 101. More mice died later, but, by 58 days, at least half of the C57BL, C57L, and 101 mice remained alive. Involvement of the feet and nose, which consisted of redness and swelling and frequent abscess formation, was much more frequent in some lines than in others. At 17 days ( Fig. 1) , all of the CBA mice had diseased feet and noses, but few of the C57BL, 101, or CFW mice showed any changes. By 26 days, all of the surviving CFW mice had characteristic foot disease, but the noses appeared normal. The hind feet were involved more frequently than the front feet or nose in A/He, C3H, and C57L, but the rate was about the same in these locations in BALB/C, CBA, and C57BL mice. The tails were also involved, but metastatic involvement could not be differentiated from that resulting from local deposition during injection.
After footpad injection, all of the mice had local redness and swelling by 17 days, but at 5 days ( Fig. 1 ) not more than 60% of the injected feet had detectable disease in the case of A/He, DBA, and CFW mice. The size of the swelling at 17 days ( Correlation among the results. Rank correlation coefficients (14) among the results for each strain of mice are given in Table 2 , and they are discussed below. The strongest correlations are illustrated is Fig. 3 ; the probability values indicate that it is extremely unlikely that these correlations arose by chance.
DiscussioN
Several manifestations of the intravenous infection with M. marinum (a-d, Table 2 ) were positively correlated with each other. The front foot involvement and nose involvement (c and d, Table 2 ) were especially closely related. However, there was little correlation between the manifestations of the intravenous infection and those of right hind foot infection (e and f, Table 2 ). Intravenous M. tuberculosis infections have also been studied in several of the strains of mice used here (2, 6, 15) , but there is no apparent correlation of those results with the results of this study.
Light is thrown on the mechanisms involved in the intravenous M. marinum infections by the negative correlations between the manifestations of intravenous infection and the tail temperature.
The tail temperatures probably did not reflect the actual temperatures during injection because the tails were warmed in water and wiped dry before the injection. Also, since the mycobacteria would have been exposed to tail temperature only briefly during their passage up the tail veins, it is unlikely that this would have affected their future behavior. However, the tail temperature is a function of the amount of blood being passed through it (see below), and it seems probable that the governing factor was the circulation of the tail. The exact mechanism is not clear, but it seems likely that the venous development, the amount of anastomotic connection, or the rate of dilution of the inoculum with venous blood could be important.
The results with M. leprae were not forecast by any aspects of the M. marinum infections. However, the footpad temperatures (1) were strongly correlated with the plateau level of M. leprae, as measured by the harvest at 8 months (h, Table 2 ). It is unlikely that the temperature difference itself could be the responsible factor, since the difference was small, only 1.26 C between the highest and lowest average. Such a large decrease in multiplication of M. leprae for a temperature decrease of 1.26 C in this temperature range would require that the temperature relationships of M. leprae be much different from other bacteria. It seems more probable that the responsible mechanism was the circulation through the foot.
The tail and feet, especially the hind feet, are important organs in heat regulation of the mouse (4) and rat (7) , and body (core) temperature is regulated by variation in the amount of blood circulated through tail and feet, as well as by variation in metabolic rate and by changes in physical attitude (huddling, etc.). Although the tail surface is larger, the amount of heat loss is proportionately greater from the foot because the temperature difference from the environment is greater (9.4 to 10.7 C for foot versus 3.0 to 8.6 C for tail). Warmer (11) . These sites of heat loss are characterized by rich circulation when required by the body's heat load, whether from increased metabolism or warm environment. That a good blood supply is important for the multiplication of M. leprae in the tissues has also been suggested by the normal vascularity and the lack of necrosis in the lesions of M. leprae in mouse and man. In contrast, the lesions of M. marimum and most other mycobacteria characteristically contain necrotic areas, especially in the chronic stages. One interpretation of this histological situation is that M. leprae dies before tissue necrosis can appear.
We have avoided use of the terms "susceptibility" and "resistance." It would have been traditional to arrange the strains of mice in order of the degree of involvement in a particular infection and to speak of the arrangement as an order of susceptibility. There would be a connotation that the differences were caused by some general tissue property. The results obtained, however, illustrate how poorly the outcome of one mycobacterial infection can correlate with another, even when caused by the same organism administered by another route. To explain differences in a particular infection in dfferent anianls on the basis of differences in "susceptibility," when in fact the "susceptibility" itself is measured only by the differences in the infections, seems to us unsound and obfuscating.
There has been considerable interest in the influence of heredity on the outcome of leprosy infections in humans. Although the results oW tained here illustrate that genetic differences in the host can play a role in the mouse infection, it is not possible to say that the pertinent genetic differences in the mouse have any similarity to those that might be concerned in the human infection. Since integumentary pigmentation is often mentioned in this regard, it should be noted that the present results were not at all correlated with coat color.
AcKNowLmeENr
We are indebted to Elmer C. Hall of the Communicable Disease Center for advice on the use of rank correlation coefficients.
